Introduction
============

Tumor markers on the cell membrane of tumors are the key targets for tumor imaging and therapy. The follicle stimulating hormone receptor, which binding to the FSH and belonging to the family of G-protein coupled membrane receptor, has been considered as a potential target for prostate cancer [@B1].

Under physiological condition, FSHR exists mainly in the sertoli cells of testis [@B2] and the granulosa cells of ovary [@B3]. Also it can be detected in ovarian epithelial cells [@B4], endometrium [@B5], placental endothelial [@B6], endothelium of ovaries [@B7] and testis [@B8]. FSHR commences and maintains spermatogenesis and development of ovotid in each stage via classical cAMP-PKA signal pathway upon binding FSH. However, FSHR is also expressed in the vascular endothelium of various human solid tumors such as prostate, breast, colorectal, lung, testis, and even in that of most of metastatic tumors (79% of 209 examined patients) [@B9]. Moreover, FSHR has been expressed in Caov-3, OVCAR-3, PC3 cancer cells constitutively [@B10], [@B11]. In addition, FSHR demonstrates expression in endothelial cells of the tumor vasculature in 11 subtypes of soft tissue sarcomas and in tumor cells of all examined sarcoma subtypes, except for well-differentiated sarcoma [@B12]. Further, FSHR also increases the proliferation of cancer cells and overexpressed FSHR may enhance the potential oncogenic pathway [@B13]-[@B16]. Therefore, FSHR, closely related with tumor growth, invasion and metastasis, becomes an important target for clinical imaging and theranostics.

As an endogenous target ligand of FSHR, FSH is a glycoprotein and composed of α and β chains. Amino acids sequence 33-53 and 81-95 of the β chain have been identified as FSHR-binding domains, and the former has the highest binding affinity to its receptor [@B17], [@B18]. Based on that, FSH~33-53~ (YTRDLVYKDPARPKIQKTCTF) has been employed as a ligand targeting to FSHR recently. PET probe ^18^F-Al-NOTA-MAL-FSH~33-53~ targeting to FSHR specifically is prepared and succeeded in microPET imaging for FSHR overexpressed human prostate cancer cell, PC3 cells, in xenograft model [@B19], which provides the basis for the specific clinical diagnosis of prostate cancer.

For avoiding the side effects, such as toxicity from nonspecific distribution of conventional chemotherapeutic drugs [@B20], [@B21] to normal cells, FSH~33-53~ has been used in drug delivery systems in therapeutic research for FSHR-expressing tumors. FSH~33-53~-NP-PTX, FSH~33-53~ connected with PTX (Paclitaxel) through nanoparticles, improves the targeting ability and treatment of PTX to CAOV-3 tumor cells [@B10]. Fluorescein-labeled generation 5 (G5) PAMAM dendrimers that are conjugated with FSH~33-53~ significantly enhances the uptake of dendrimers and down-regulation of Survivin, an anti-apoptotic protein, in FSHR-expressing OVCAR-3 cells, but not in SKOV-3 cells which don\'t express FSHR [@B22]. Also, FSH~33~-G-NP, FSHβ~33-53~ peptide-conjugated gro-α siRNA-loaded PEG-PEI nanoparticles, significantly silences the expression of oncogene gro-α in ovarian cancer cell, ES-2 and consequently suppresses the proliferation, migration and invasion of the cell greatly in comparison to G-NP alone [@B23].

Despite the enhanced permeation retention (EPR) effect [@B24], the limitations of the NPs, such as limited diffusivity [@B25] and the instability of nucleic acid *in vivo* restrict the development of the delivery systems.

Small molecular peptides, existing widely in nature, attract attention of researchers for theirs low toxicity to normal tissue [@B26]. Cationic antimicrobial peptides are special peptides in anti-tumor peptides screening and they show toxicity to both virus [@B27] and cancer cells [@B28]-[@B30]. Lu, et al, have imitated the structural characteristics of natural antimicrobial peptides and have developed a series of short cationic peptides, G(IIKK)~n~I-NH~2~ (n=1-4) [@B31]. This series of peptides, with the same effects as to other natural cationic antimicrobial peptides, are capable of binding and penetrating into the negatively charged membrane of bacteria, but they do not destroy the normal mammalian cell membrane with zwitterionic structure [@B31]-[@B34]. Moreover, G(IIKK)~n~I-NH~2~ show strong anticancer activities and good inhibition ability for tumors in tumor bearing mice without causing specific immune response. G(IIKK)~3~I-NH~2~, named IIKK in this paper, shows the best effects on anticancer.

In this paper, we designed a novel targeting-therapeutic fusion peptide FSH~33-53-~IIKK and tried to use FSH~33-53~ subunit as a potential delivery peptide targeting to FSHR-expressing tumor cells and IIKK as an inhibiting part for tumor. By this way, the novel fusion peptide with high efficiency and low toxicity to normal tissue was expected to increase the therapeutic ability of IIKK to FSHR-expressing tumors. We also evaluated its mechanism for anti-tumor activity *in vitro* and *in vivo*.

Materials and Methods
=====================

Materials
---------

DDP was purchased from hansoh pharmaceutical, Jiangsu. MTT, DMSO, Hoechst 33258 solution, BCA protein kit, PI, AO and ECL system (BeyoECL plus) were purchased from Beyotime Biotechnology, China. Rabbit anti-FSHR antibody was obtained from Abcam, USA. Rabbit anti-Bax, Bcl-2, Caspase-3, Caspase-8, Bad, LC3 and mouse anti-β-Actin were purchased from Beyotime Biotechnology, China. Annexin V-FITC / PI double staining apoptosis kit was from Roche, Germany and Novex NuPAGE Gel Electrophoresis Systems was from Life Technologies, USA. And male BALB/c nude mice were purchased from Cavens Lab Animal, Changzhou, China.

Preparation of peptides
-----------------------

Peptide IIKK (G(IIKK)~3~I-NH~2~) and FSH~33-53~-IIKK (YTRDLVYKDPARPKIQKTCTFGGG(IIKK)~3~I-NH~2~) were synthesized and purified by Apeptide Co., Ltd (Shanghai, China).

Methods
-------

### Cell culture

Human carcinoma cell lines PC3, SKOV3, MCF7 and HeLa, human embryo kidney cell 293, and mouse fibroblast cell L929 were purchased from the Cell Bank in Shanghai Institute of Cell Biology, China, and were cultured according to the guides of the Cell Bank.

### Western Blot

Cells were cultured in 6 cm-dishes. After reaching to 80-90% confluence, cells were washed with ice-cold PBS for 3 times and lysed in RIPA lysis buffer with 1 mM PMSF on ice. Discarding the debris, and the supernatant was transferred to a new tube after centrifugation at 14,000 rpm for 5 min at 4 ℃. Protein concentrations were determined by BCA protein assay kit. Then the same amount of lysates with loading buffer were heated for 10 min at 70 ℃ according to the user guides from Invitrogen. After running on 10 % SDS-PAGE, proteins were transferred to PVDF membranes, which were subsequently blocked with 5% non-fat milk buffer for 1 h. And then membranes were incubated with each primary antibody over night at 4 ℃. Following that, the membranes were then blotted with HRP-labeled secondary antibodies for 1 h at room temperature. The blotting patterns were detected using ECL system and analyzed on LAS-3000 lumino image analyzer.

### Cell cytotoxicity assay

MTT assay was carried out to measure the cytotoxicity of peptides *in vitro*. PC3, HeLa, SKOV3, MCF7, L929 and 293 cell lines were seeded respectively into 96-well plates with a density of 5 × 10^3^ cells. After 24 h incubation, the cells were then treated with 0 \~ 100 μM of FSH~33-53~-IIKK, IIKK or DDP for 24 h. Then 20 μL MTT (5 mg/ml dissolved in PBS) was added to each well. And cells were incubated for 4 h. Subsequently, the supernatants were removed and the crystals were dissolved completely with 150 μL DMSO. Microplate reader (BioTek, uQuant, USA) was used to record the absorbance at 570 nm. The wells without cells were used as blank. IC~50~ was calculated. Experiments were repeated 3 times. And data were reported as means ± SD. Statistical differences between the two groups were evaluated using the paired Student *t*-test.

### Cell staining and fluorescence microscopy

PC3 cells were seeded into 6-well plate with 5 × 10^5^ per well and incubated for 24 h. Increasing concentration of FSH~33-53~-IIKK (0, 7.5, 15, 30 μM) treated the cells for another 24 h. After discarding medium, cells were washed with PBS for 2 times, followed by treated with Hoechst 33258 solution for apoptosis staining or AO for autophagy. At last, cells were washed with PBS to remove unbound dyes and observed by fluorescence microscope.

#### Flow cytometry

Incubated PC3 cells in 6-well plate were treated with FSH~33-53~-IIKK (0, 7.5, 15, 30 μM) or IIKK (0, 7.5, 15, 30 μM) for 24 h. Cells floating in the medium and adherent cells were harvested and centrifuged at 1,500 rpm for 4 min. The supernatants were discarded and the precipitations were washed with PBS. After adding 100 μL Annexin V-FITC / PI double staining reagent in binding buffer for apoptosis, cells were re-suspended and cultured for 15 min in dark. The effects were evaluated with flow cytometry. Experiments were repeated 3 times. And data were reported as means ± SD. Statistical differences between the two groups were evaluated using the paired Student*t*-test.

### Inhibition of tumor growth in human PC3 cell xenografts

All animal experiments were approved by the local animal welfare committee and performed according to national regulations. 3-4 week-old male BALB/c nude mice were injected subcutaneously into the right front armpit with PC3 cells (1 × 10^7^ each) in PBS. Vernier caliper was used for measurement of tumor length (L, the longest diameter) and width (W, the shortest diameter perpendicular to length). When the volume of tumors reached a mean size of 80 \~ 100 mm^3^, the mice were assigned to 5 groups. Each group contained 5 mice with similar average tumor volume and was administered respectively to with FSH~33-53~-IIKK (5 mg/kg and 10 mg/kg), IIKK (5 mg/kg), DDP (3mg/kg) as positive control and saline as negative control by tail intravenous injection 3 times a week for 3 weeks. During the therapy, the tumor volume was measured every 2 days with the same as to the body weight of each. Then the mice were sacrificed for removing, photographing, and weighing the tumors. Some formulas were used for calculating the tumors as follows.

The volume (V) of each tumor: V = L × W
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Relative tumor volume (RTV): RTV = V
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V~0~ represents the tumor volume at the beginning of treatment and V~t~ does for the day t of treatment.

Tumor inhibition rate: Tumor inhibition rate=((average weight of saline control - average weight of treatment group) / average weight of saline control) × 100 %

Data were expressed as means ± SD.

Statistical analysis
--------------------

For all data are represented as means ± SD. Student\'s *t*-test was used to analyze the difference between two groups. GraphPad Prism 5.0 (GraphPad Software) was used for all statistical analysis.

Results
=======

Expression of FSHR in several cells
-----------------------------------

At first, Western Blot was employed to identify the level of FSHR in several cell lines. As shown in Fig.[1](#F1){ref-type="fig"}A, human prostate cancer cell PC3, human cervical cancer cell HeLa, human breast cancer cell MCF7, and human embryo kidney cell 293 all expressed FSHR highly. But the expression in human ovarian cancer cell SKOV3 was lower than them. In mouse fibroblast cell L929, FSHR level was not identified.

Cell cytotoxicity *in vitro*
----------------------------

Then the cytotoxicity of FSH~33-53~-IIKK, IIKK or DDP to HeLa, PC3, SKOV3, MCF7, 293 and L929 cells were determined by MTT method. Fig.[1](#F1){ref-type="fig"}B showed that FSH~33-53~-IIKK, IIKK and DDP had inhibitory effects on tumor cell proliferation significantly in a dose-dependent manner. FSH~33-53~-IIKK and IIKK both have shown stronger effect than DDP, but there was no significant difference between them in FSHR expressed or unexpressed cells. The data also appeared that the toxicity of FSH~33-53~-IIKK, IIKK on normal cell were lower than that of DDP. IC~50~ of FSH~33-53~-IIKK, IIKK and DDP on several cells were shown in Table [1](#T1){ref-type="table"}.

Apoptosis of PC3 cells induced by the peptides
----------------------------------------------

The following experiments were completed in PC3 cells. For studying the mechanism of fusion peptide, apoptosis of PC3 cells was detected firstly. The morphological changes of the nucleus in PC3 cells treated with FSH~33-53~-IIKK were detected by using Hoechst 33258 fluorescence staining. Under fluorescence microscope, most of cell nucleus showed a uniform and full around or oval in control group. Very few cells showed strong staining and irregular nucleus perhaps because of its spontaneous programmed cell death. With the increase of peptide amount, cells shrinkage, chromatin collapse, fluorescence densification with obvious granular phosphor aggregation and nuclear fragmentation became apparent. And some cells decreased and followed by breaking into pieces when the concentration of peptide reached 30 μM (Fig.[2](#F2){ref-type="fig"}A).

Proteins associated with apoptosis were also measured by Western Blot. As shown in Fig.[2](#F2){ref-type="fig"}B, inactivated Caspase-8(57 KDa) and Caspase-3(35 KDa) proteins level decreased with the increase of peptide concentration after treatment for 24 h. In spite of the decrease of Bcl-2 and Bax proteins, the ratio of Bcl-2/Bax reduced in a dose-dependent manner, which means the increase of mitochondrial membrane permeability. In addition, the expression of Bad appeared no changes. The results showed the caspase cascade could be activated through mitochondrial pathway that caused cell apoptosis by FSH~33-53~-IIKK peptide in PC3 cells.

We then compared the apoptosis effects induced by FSH~33-53~-IIKK and IIKK peptides. Flow cytometry experiment shows the apoptosis respective rate is (9.1 ± 1.35) %, (18.5 ± 1.50) %, (51.1 ± 2.00) % and (7.3 ± 1.08) %, (16.9 ± 0.81) %, (41.2 ± 2.61) % at concentrations of 7.5, 15, 30 μM. Also, compared to IIKK, FSH~33-53~-IIKK promoted the apoptosis significantly in PC3 cells at 15 and 30 μM. (P\<0.05) (Fig.[2](#F2){ref-type="fig"}C)

Autophagy in PC3 cells
----------------------

Autophagy was observed in PC3 cells that were treated with FSH~33-53~-IIKK. AO staining can label the autolysosome in autophagocyte. In our experiments, through AO staining, cell nucleus and cytoplasm in control, untreated with the peptide, presented bright green. A few of autolysosomes or autophagosomes with AO appeared weak orange red in some cells at 7.5 μM of FSH~33-53~-IIKK. With the increase amount of the peptide, the number of autophagosomes structure and fluorescence intensity both increased. Furthermore, at the concentration of 30 μM, adherent cells decreased with bright red fluorescence in the cytoplasm of them (Fig.[3](#F3){ref-type="fig"}A).

Meanwhile, we detected the expression of LC3-I and LC3-II related to autophagy under the action of FSH~33-53~-IIKK. With the increase of peptide concentration, the expression of LC3-I protein showed a downward trend, while LC3-II tended to increase at 0-15 μM. Opposite to the trend of LC3-II, the protein level reduced at 30 μM of peptide (Fig.[3](#F3){ref-type="fig"}B). The results showed that the effect of FSH~33-53~-IIKK with low concentration can induce autophagy in PC3 cells, otherwise inhibited cell growth probably mainly by apoptosis at high concentration.

FSH~33-53~-IIKK anti-tumor performance *in vivo*
------------------------------------------------

We also investigated the anti-tumor effects of fusion peptide *in vivo*. Male Balb/c nude mice were injected subcutaneously into the right front armpit with PC3 cells after tumors reached a mean size of 80 \~ 100 mm^3^, FSH~33-53~-IIKK (5 mg/kg, 10 mg/kg), IIKK (5 mg/kg) and DDP (3 mg/kg) were intravenously injected for anti-tumor. The tumor volume and body weights were measured every 2 days. Relative tumor volume (RTV) was chosen as the indicator for the growth of tumor. Lastly, the mice were sacrificed and the tumors were weighed. The tumor inhibition rates were calculated. Fig.[4](#F4){ref-type="fig"}A showed the curve of tumor growth. And Table [2](#T2){ref-type="table"} showed the inhibitory effect of FSH~33-53~-IIKK on tumor was enhanced with the increase of concentration. And at the same concentration (5 mg/kg), the average tumor inhibition rate of FSH~33-53~-IIKK is better than that of IIKK. In spite of these, the DDP, 3 mg/kg as positive control, still have done the best. On the other hand, according to the curve of nude mice body weights (see Fig.[4](#F4){ref-type="fig"}B), the average weight of DDP group mice decreased significantly in comparison with groups of FSH~33-53~-IIKK (P \< 0.05). Also the average weight of each peptide group has no significant differences compared to saline group (P \> 0.05). The above results suggested that the peptides toxicity to normal tissue *in vivo* were lower than DDP. At last, the tumors were weighed and photographed (Fig.[4](#F4){ref-type="fig"}C).

Discussion
==========

As mentioned above, FSHR, just as some well-known receptors (somatostatin receptor, glucagon-like peptide-1 receptor, vascular endothelial growth factor receptor, and so on), is significantly overexpressed in many types of tumors compared to normal tissues with limited expression. We also tested and verified the high expression of FSHR in PC3, HeLa, MCF-7 cancer cells and low level in SKOV3. And it also expressed in 293 cells as reported by Rozell [@B35]. FSHR associated Gαs/cAMP/protein kinase A had been considered as the sole signal pathway of FSH/FSHR but the β-arrestin-dependent pathway and PI3K/mTOR pathway have been discovered recently [@B36]. And overexpression of FSHR increases the levels of epithelial growth factor, HER-2/neu, c-myc and ERK1/2 in ovarian surface epithelial cells [@B37] and in benign ovarian epithelial tumors cells [@B38], which associated with oncogenic pathway. Furthermore, it is proved that FSH could stimulate the proliferation of PC3 and DU145 cancer cells [@B39]. More importantly, EMT of epithelial ovarian cancer cells can be induced by FSH through the FSHR-PI3K/Akt-Snail signaling pathway [@B40]. And EMT is the early stage of metastasis in cancer. Then FSHR has been reasonably considered as a target for diagnosis, imaging and therapy of tumors.

Several classes of compounds that are considered as negative allosteric modulators of FSHR have been identified [@B41]-[@B46]. But these small molecules do not compete with FSH for interaction with the receptor and, especially, some were only shown functional inhibition for part of reproduction *in vivo*.

As a segment of FSHβ chain, FSH~33-53~ can bind to FSHR and was confirmed as an effective antagonist of FSH [@B17]. So FSH~33-53~ was selected as a target unit to conjugate with drugs or drug anchors for delivery in FSHR expressed cancer cells [@B10], [@B22], [@B23]. But for the drawbacks of chemotherapeutics and nucleic acid *in vivo*, we modified the approach by conjugating FSH~33-53~ with short peptides drugs.

Short peptide drugs have attracted the attention on theoretical and applied researches in a variety of fields [@B47]-[@B50], especially including tumor imaging and therapy. Just as some mature drugs which are vintage tools commandeered for new purposes in clinical, some of antimicrobial peptides (AMPs) and their synthetic analogs have been demonstrated toxicity to cancer cells [@B29], [@B30], [@B51]. Furthermore, these AMPs mainly use cations on surface to act on the target cancer cell membranes with a little negative charge via a non-receptor-mediated pathway. So, unlike conventional chemotherapeutic drugs, the resistance to cancer cells is not easily developed [@B31]. Among them, a new serious of short α-helical peptides G(IIKK)~n~I-NH~2~ (n=1-4) have been designed and demonstrated high selectivity and toxicity against cancer cells [@B32]. The peptides can combine tumor cell membrane which has some net negative charge by electrostatic interaction and selectivity, permeate the membrane and accumulate in tumor cells. Subsequently, the peptides induce cell apoptosis and disrupt the cell membrane.

So we combined the G(IIKK)~3~I-NH~2~ and FSHR target peptide FSH~33-53~ into a new fusion peptide which was expected to target and therapy FSHR-overexpressing tumor with even higher efficiency. In fact, FSH~33-53~-IIKK fusion peptide enhanced the anti-tumor effects compared to IIKK in PC3 xenografted mice. Meanwhile, according to the weight changes of therapeutic mice, the toxicity to mice treated by fusion peptide was not only obviously lower than that by DDP, but also inferior to that by IIKK though there was no obvious difference between them. In spite of the encouraging results *in vivo*, the FSH~33-53~-IIKK has not shown a significant advantage relative to IIKK with toxicity to tumor cells *in vitro*. We consider that maybe peptides in culture medium directly touched cultured cells so that they lost or greatly reduced the selectivity occurring*in vivo*. It may be another reason that FSH~33-53~-IIKK is more stable than IIKK *in vivo* for its longer amino acid sequence and folding structure.

Our study also revealed that FSH~33-53~-IIKK induced the apoptosis in PC3 cancer cells just as that by IIKK [@B52]. Apoptosis related proteins level, such as inactivated Caspase-3, 8, Bcl-2 and Bax, declined with the increase of FSH~33-53~-IIKK concentration. The ratio of Bcl-2/Bax also reduced in a dose-dependent manner. Mitochondrial pathway of apoptosis was activated and then caspase cascade appeared. So, in a way, the fusion peptide did not influence the effects of IIKK part. Furthermore, we also proved that autophagy appeared in PC3 cells treating by FSH~33-53~-IIKK. With the low dosage of the peptide, LC3-I/II was detected to change oppositely with the enhancement of autophagy. But the changes did not appear with high dosage, while the apoptosis was still exiting and augmenting. Then it may be explained the function of the peptides is not exclusive for the complexity of cancer cells.

From our results, combining the tumor marker-target peptide and anti-tumor peptide into fusing multi-function peptide is an efficiency model to develop anti-tumor drugs. But some deficiencies still exists. For example, the application of small molecular peptides is easy to be hampered by their degradation induced by proteolytic enzymes *in vivo* [@B53]. Also the expression of specific tumor tissue receptors has individual differences and heterogeneity which increase uncertainty of drug delivery mediated by peptides [@B54]. Meanwhile, the designed fusion peptides also may lose its functions. FSH~33-53~-Lytic fusion peptide cannot achieve the tumor-target (FSH~33-53~) and tumor-lytic (Lytic) bi-functions [@B55]. On the contrary, EGF-Lytic [@B56], HER2-Lytic [@B57] and NRP1-Lytic [@B58] fusion peptides achieve targeting and lysis effects. These peptides can target tumor marker EGFR, HER2 or NRP1 respectively and lytic the membrane of tumor cells. So the design of peptide drugs is still complex and all kinds of models shall be attempted.

This work was supported by National Natural Science Foundation (81171399, 51473071, 81472749, 81401450, 21401084, 81471691), Jiangsu Province Foundation (BE2012622, BL2012031, BE2014609, BM2012066), General program of Jiangsu Provincial Commission of Health and Family Planning (RC2011095, Q201406, H201529).

Author Contributions
====================

R.Y., X.L. and M.Y. conceived the experiments. R.Y. and P.L. wrote the paper. R.Y. and P.L. performed most of the experiments. D.P., Z.B., Y.X., J.Y. and Y.Y contributed to the analysis of data and the preparation of manuscript. P.Z., L.W., D.P. and Y.X. provided technical support for animal experiments. All authors reviewed the manuscript.

FSH

:   follicle stimulating hormone

PET

:   positron emission tomography

PTX

:   paclitaxel

PEG

:   polyethylene glycol

PEI

:   polyethylenimine

NPs

:   nanoparticles

EPR

:   enhanced permeability and retention

DMSO

:   dimethyl sulfoxide

HRP

:   horse radish peroxidase

DDP

:   casplatin

MTT

:   3- (4,5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide

PI

:   Propidium Iodide

AO

:   acridine orange

EMT

:   Epithelial-Mesenchymal Transition.

![The cytotoxicity of the peptides on FSHR expressed or unexpressed cells (A) Western Blot analysis of FSHR expression in some cells. FSHR has overexpressed in PC3, HeLa, MCF7, 293 cells. But low expression level in SKOV3. In L929, FSHR was not identified. (B) All cells were treated with peptides or DDP for 24 h, and the proliferation of the cells were assessed by MTT method.](jcav07p1010g001){#F1}

![FSH~33-53~-IIKK fusion peptide inducing the apoptosis of PC3 cells (A) PC3 cells were incubated with FSH~33-53~-IIKK at the concentration of 0, 7.5, 15, and 30 μM for 24 h. And cells nucleus were stained by Hoechst 33258 and observed with fluorescence microscope. Arrows indicate some of apoptotic cells. (B) The expression of apoptosis related proteins, Caspase-3, Caspase-8, Bcl-2, Bax, Bad in PC3 cells treated by increasing FSH~33-53~-IIKK, were detected using Western Blot. And gray analysis of the bands was made by image analyzer, β-Actin as control. ^\*^P \< 0.05, ^\*\*^P \< 0.01, and ^\*\*\*^P \< 0.001 vs 0 μM FSH~33-53~-IIKK. (C) Annexin V-FITC/PI double staining detected and flow cytometry analyzed the apoptosis induced by FSH~33-53~-IIKK or IIKK in PC3 cells. Apoptosis of PC3 cells was induced by FSH~33-53~-IIKK in a dose-dependent manner, and the effect was enhanced compared to IIKK at the concentration of 15 and 30 μM. a, control, b, 7.5 μM FSH~33-53~-IIKK, c, 15 μM FSH~33-53~-IIKK, d, 30 μM FSH~33-53~-IIKK, e, 7.5 μM IIKK, f, 15 μM IIKK, g, 30 μM IIKK.](jcav07p1010g002){#F2}

![Autophagy induced by FSH~33-53~-IIKK on PC3 cells (A) PC3 cells were treated with 0, 7.5, 15 and 30 μM FSH~33-53~-IIKK for 24 h. AO staining showed enhanced autophagy with the increasing amount of FSH~33-53~-IIKK. Arrows indicate some AO labeled autolysosomes or autophagosomes in PC3 cells. (B) The expression of autophagy related proteins, LC3-I and LC3-II in PC3 cells treated by increasing FSH~33-53~-IIKK, were detected using Western Blot. β-Actin was used as control.](jcav07p1010g003){#F3}

![The anti-tumor effects of FSH~33-53~-IIKK *in vivo* (A) Tumor growth curves of mice treated by peptides. Male nude mice were injected with PC3 cells. And when tumors were estabished. Peptides, DDP, or saline were administrated. Tumor volumes were measured and caculated. And growth curves of tumors were formed. (B) The body weights for each group during administration with drugs were measured. DDP group was decreased significantly and other groups had no obvious differences compared to saline group. (C) The tumors were removed from mice after administration and photographed.](jcav07p1010g004){#F4}

###### 

The IC~50~ of peptides or DDP on various cell lines

          IC~50~ (mean ± SD, μM)                  
  ------- ------------------------ -------------- --------------------
  cell    FSH~33-53~-IIKK          IIKK           DDP
  PC3     13.30 ± 1.21             14.20 ± 1.15   37.06 ± 1.59\*\*\*
  HeLa    7.16 ± 0.86              8.20 ± 0.91    14.08 ± 1.15\*
  SKOV3   21.40 ± 1.33             16.06 ± 1.21   48.85 ± 1.69\*\*
  MCF7    8.25 ± 0.92              10.12 ± 1.00   22.41 ± 1.35\*\*
  L929    43.50 ± 1.64             41.19 ± 1.62   32.03 ± 1.51\*
  293     42.49 ± 1.56             39.68 ± 1.60   27.32 ± 1.44\*\*

(\* p \< 0.05, \*\* p \< 0.01, and \*\*\* p \< 0.001 *vs* FSH~33-53~-IIKK)

p-values were determined by student\'s *t*-test between the IC~50~ values of both cell lines

###### 

PC3 Inhibition rate of tumor triggered by drugs

  Group                       Tumor inhibition rate (%)
  --------------------------- ---------------------------
  FSH~33-53~-IIKK (5mg/kg)    42.30 ± 11.10
  FSH~33-53~-IIKK (10mg/kg)   50.75 ± 9.15
  IIKK(5mg/kg)                25.15 ± 17.54
  DDP(3mg/kg)                 55.54±15.51

[^1]: Competing Interests: The authors have declared that no competing interest exists.
